Paediatric Neurosurgical and Neuroradiological Anaesthesia
TESS BROPHY* Royal Brisbane Hospital, Brisbane SUMMARY Anaesthesia for paediatric neurosurgery and neuroradiology involves all the problems pertinent to (i) management of infants and small children during procedures which may be relatively protracted; (ii) avoidance or correction of disturbances of intracranial pressure and cerebral perfusion; (iii) assessment of patients with depression of consciousness or of other neurological functions; (iv) adoption of unusual positions for the conduct of procedures with special risks and limited access for the anaesthetist ; (v) providing optimum conditions for radiologists and avoiding radiation risks. INTRODUCTION Neurosurgical procedures for which anaesthesia may be required in infants and children include the correction or relief of congenital conditions such as.hydrocephalus, craniostenosis and spinal anomalIes, most commonly in the neonate; the repair of head injuries and evacuation of traumatic intracranial haematomas, including those ~ue to. birth ir;jury, often as emergency operatIOns WIth conSIderable risk of extensive haemorrhage; the removal of intracranial or intraspinal space-occupying lesions including neoplasms, cysts and abscesses, with particular risks of disturbance of brainstem function; and the obliteration of some vascular lesions such as arteriovenous anomalies with intracerebral haematomas.
N eurora~iologic.al . procedures, commonly performed III radIOlogIcal departments without the full facilities of an operating theatre, include angiography of the carotid and vertebral arteries and of the great venous sinuses, either by direct ~uncture 0: by remote catheterization of major 11mb artenes; ventriculography with air or opaque medium introduced through the fontanelle or by burr-hole or twist drill and pneumo-encephalography with oxygen intro-duce~ by lumbar puncture, both involving mu~tIple changes of position of the child during radIOgraphy; and myelography, most often in the prone position.
GENERAL CONSIDERATIONS
The general principles of anaesthetic management of infants and small children always apply. In summary, these include (i) Ventilation-the use of anaesthetic techniques that will permit maintenance of normal ventilation through a secure airway : endotracheal intubation is mandatory for all procedures conducted under general anaesthesia except for superficial and brief operations in the supine position. (ii) The use of non-flammable agents: surgical diathermy was introduced by neurosurgeons and is almost invariably used, while no X-ray machine is spark-proof. (iii) Apparatus-the use of apparatus that is light in weight with minimal resistance and minimal dead space to obviate carbon di?xide retention. It must be appropnately secured so that it is not inadvertently disconnected or dislodged; the position of an endotracheal tube should be re-checked when posturing the patient, either prone or sitting, for surgery and during air studies. (iv) Blood volume -the maintenance of normal blood volume, with secure placement of intravenous cannulae for its restoration, especiCllly in intracranial procedures when haemorrhage may be major and unexpected and access limited. There should rarely be need for "cutdowns ".
(v) Temperature-the maintenance of normal body temperature, especially during protracted procedures and those conducted in cold X-ray rooms; avoidance of wet drapes and of undue exposure by wrapping in rescue blankets, the warming of blood and intravenous fluid~, and the use of warming mattresses and temperature-controlled humidification of gases are appropriate. There should be no need to warm the operating theatres. (vi) Monitoring-the provision of facilities for monitoring, especially when access to the patient may be limited in some procedures; the recording of blood pressure is notoriously unreliable in neonates and the intensity of heart sounds as monitored with a precordial or oesophageal stethoscope is much more reliable: electrocardioscope monitoring will detect arrhythmias, especially when the brainstem is stimulated, but bradycardia is most likely to be a response to reduced circulating volume as in other paediatric surgery. (vii) Recovery-the use of agents and techniques that permit a speedy return to the preoperative level of consciousness.
INTRACRANIAL FACTORS
Specific requirements for the safe conduct of neurosurgical and neuroradiological procedures include:
(1) Control of intracranial pressure: avoidance of its increase, reduction of raised pressure and sometimes, to improve surgical access, reduction below normal pressure.
(2) }Iaintenance of normal cerebral perfusion and metabolism, both generally and locally.
(3) Preservation of the blood-brain barrier and avoidance of cerebral oedema. (4) Safeguarding of optimal states of consciousness consistent with the type and stage of illness, and avoidance of the likely complications of unconsciousness. (5) Continuous observation to detect plications. Factors which may influence these requirements are closely interrelated and may he affected by anaesthetic techniques.
(I) Intracranial Pressure (a) Normal Variatiolls. The intracranial pressure of the normal subject is dependent particularly upon posture, and is acutely sensitive to vascular dilation, especially of the venous system. In the recumbent patient, the intracranial pressure is equal to that found at lumbar puncture, which is in the range of .'lO-i[iO mm of cerebrospinal fluid. In the erect position, the intracranial pressure is subatmospheric above the cisterna magna, due both to some downward dislocation of fluid into the distensible spinal theca and to emptying of veins above the heart; in the head-down position the reverse considerations apply. It follows that the most physiological method of reducing intracranial pressure is elevation of the head, either moderately in the supine patient or fully, as in the sitting position, which may also improve the general accessibility, particularly of the posterior fossa but also of the subtemporal region (as for trigeminal rhizotomy), to the surgeon. Dependency of the head may have adverse effects not only in relation to intracranial pressure and surgical access but also by increasing venous haemorrhage. Similar considerations apply to spinal surgery where the adoption of the Mohammedan Prayer position for disc surgery, for example, promotes venous emptying, facilitates exploration, and reduces blood loss (Pearce 1957) .
(b) Venous Congestion. Apart from hydrostatic ally-induced venous distension, venous obstruction in the neck, coughing and straining (Hunter 1960) , and venous engorgement induced by carbon dioxide excess may all precipitate raised intracranial pressure and excessive bleeding. Hypercarbia may result from spontaneous or iatrogenic depression of respiration (for this reason opiates and other respiratory depressant drugs are contra-indicated), from airway obstruction or abdominal compression (especially in the prone position), or from faulty anaesthetic practices including acceptance of excess dead-space and even conventional nonrebreathing techniques on occasion (Ballantine and Jackson 1954) .
(c) Anaesthetic A{;ents. Particular anaesthetic agents may cause elevation of the intracranial pressure; all volatile agents have this effect, but halothane (Jennett et al. 1969 al. , Fitch et al. 1969 , being the most commonly used at present, is under strongest current criticism. Nitrous oxide presents special problems when air is used for ventriculography or pneumo-encephalography (Saidman and Eger J 964). Because nitrous oxide is 30 times more soluble in blood than nitrogen, it enters the ventricles and subarachnoid space more rapidly than air can be removed, causing secondary pressure rise. This problem is ohviated by the use of oxygen instead Anaesthesia and Intensive Care, Vol. I, No. fJ, November, 1973 of air for these studies. In any case oxygen is preferable, for oxygen and air have different rates of diffusion and patients are much more comfortable with oxygen, which obviates secondary pressure rise and absorbs faster than air (Fine, Banks and Hermanson 1936; Macintosh and Mushin 1946) . Ketamine also has been shown to cause unacceptable pressure rise, as will be shown later.
Reduction of intracranial pressure in both normal and abnormal circumstances may be achieved by three specific interventions, each involving reduction of the intracranial content: (i) removal of cerebrospinal fluid, by spinal or ventricular drainage, before, during, or throughout surgery; this is particularly appropriate in the presence of dilated ventricles in hydrocephalus which is primary (congenital), reactive (as to subarachnoid haemorrhage) or secondary obstructive (as in the presence of posterior fossa or third ventricle tumours). (ii) Reduction of the vascular pool by hyperventilation is effective in reducing pressure but not brain mass, but reduction of the PaC0 2 below 25 mm Hg may so reduce cerebral blood flow that hypoxic changes are apparent by electroencephalography, even if not clinically (Gotoh, Meyer and Tagaki 1965) . Induced arterial hypotension is not appropriate in this context, for intracranial pressure is not lowered until cerebral blood flow is significantly reduced. (iii) Reduction of cerebral volume by the administration of an osmotic dehydrating agent. Mannitol 20 per cent is preferred to urea because although less acutely effective, it lasts longer and is not followed by as much rebound of pressure (Langfitt 1961) , it is less likely to precipitate drop in temperature or cardiac arrhythmias (Bering and Avman 1960) or to cause local damage at the site of injection, and is stable in solution. It must be appreciated that the rapid action of these substances causes some vascular overloading (Wise and Chat er 1962) , with increased difficulty in haemostasis and risk of surface haemorrhage such as subdural haematomata in the case of head injuries, where their use should be confined to emergency control of pressure when operation is intended. The brisk diuresis induced warrants catheterization of unconscious patients; meticulous attention to asepsis is essential to prevent urinary tract infection, perhaps especially if dexamethasone is also used.
Of these measures, cerebrospinal fluid aspiration from dilated ventricles is the most dramatically effective; the response to mannitol is often unremarkable when the ventricles are dilated and in any case affects normal brain rather than swollen hemispheres which contain lesions with breakdown of the normal bloodbrain barrier (for mannitol is an osmotic agent) ; hyperventilation is generally useful, especially with a negative phase except in the sitting position.
(e) Elevated Pressure. Excessive elevation of the intracranial pressure may embarrass venous drainage of the brain and precipitate cerebral oedema, increased cerebral shift in the presence of a space-occupying lesion, and cerebral herniation with all the dire consequences of tentorial or medullary coning. Air encephalography in the presence of such herniation seriously increases the risks, so that it is usually avoided when tumour is suspected, unless under immediate neurosurgical surveillance.
(2) Cerebral Blood Flow and Metabolism (a) Normal. Normality of cerebral blood flow and metabolism is dependent primarily upon the maintenance of a normal circulating volume, adequate oxygenation, and avoidance of hypercarbia or excessive hypocarbia. It involves also avoidance of hyperthermia and of shivering, both of which increase oxygen demand and utilization.
(b) Reduction.
Reduction of perfusion or hypoxia in particular may compromise the integrity of the blood-brain barrier, increasing the risk of oedema, as in cardiac arrest or neardrowning, while cerebral viability is limited in complete anoxia.
(c) Hypotension. Induced hypotension (as distinct from the hypotension of reduced circulating volume) has only slight effect on cerebral flow until mean pressure drops below 60 mm Hg in the adult, for cerebral autoregulation compensates well above this level (Meyer et al. 1965) . Thus induced hypotension is an acceptable technique to reduce the risk of massive haemorrhage when fragile lesions such as aneurysms and arteriovenous anomalies are attacked surgically.
(d) Hypothermia. Induced hypothermia may sometimes be invoked to reduce oxygen demand when vascular lesions require temporary arterial occlusion and, in some institutions, for the management of brain-stem injuries and craniopharyngiomas. (The use of adequate dosage of of steroids in the management of craniopharyngiomas has revolutionized the results obtained).
(e) SPasm. Subarachnoid haemorrhage, and carotid angiography performed for its elucida-tion, may lead to cerebral vascular spasm with focal ischaemia. It is held by some that local anaesthetic or neuroleptanalgesic techniques are safer for such investigation in that they permit observation of the effect of one injection before another is given, but others believe that general anaesthesia may have a protective effect (Gilbert, Millar and Brindle 1960) . The contrast agent used for these studies should be as non-irritant as possible, and used in as Iowa dose as feasible.
(3) Blood-brain Barrier and Oedema
Apart from those effects mentioned earlier, some cerebral tumours (particularly gliomas and secondaries) and abscesses may give rise to massive oedema. The administration of dexamethasone in high dosage may be spectacularly effective for relief of pressure in these conditions (Galicich, French and :'IIelby 1961) and is much better for this purpose than mannitol or hypertonic glucose solutions. On the other hand it is ineffectual in controlling the oedema of venous congestion or of head injury.
(4) Consciousness and Observation
Apart from the general desirability of preserving consciousness to permit observation and avoid complications, specific measures are available to safeguard patients. These include the retention of an endotracheal tube in the early post-operative period when return of consciousness may be delayed or the function of the lower cranial nerves compromised, and adequate temperature-controlled humidification of inspired oxygen to reduce the likelihood of inspissation of respiratory tract secretions with risk of obstruction.
TECHXIQl1ES
Choice must be made between local analgesia, general anaesthesia and neuroleptanalgesia. Local analgesia is inappropriate in infants and small children, while un supplemented neuroleptanalgesia is acceptable only for older children for air studies or angiography. General anaesthesia will very often be required.
(1) General Anaesthesia (a) Premedication. Narcotics are avoided in all children, as are long-acting sedati\'es, in the presence of raised intracranial pressure, but many children are alert and apprehensive and their needs should be assessed individually.
Atropine is given to prevent bradycardia and arrhythmias as well as excess secretions.
(b) Induction. Either inhalational agents or thiopentone may be used. Awake intubation of infants is simple and appropriate.
(c) Intubation. Some form of "non-kink" endotracheal tube is required-either latex reinforced or Oxford. If the Oxford tube is used it must be remembered that the thicker wall and tapered design make it essential that the appropriate sized tube is used-the size smaller than the corresponding Magill tube-if subglottic oedema is to be prevented. It is recommended that a hole be cut in the anterior wall close to the bevel, or the bevel itself cut square across, to avoid airway obstruction against the posterior tracheal wall when the neck is flexed (Duckworth 1962).
(d) Maintenance. Nitrous oxide and oxygen are appropriate, except for air studies. Volatile agents for more than short periods are avoided because they cause rise of intracranial pressure and thus reduced perfusion (McDowall, Barker and Jennett 1966) .
(e) Control of Ventilation. This may be achieved by the use of muscle relaxantsd-tubocurare 0 ,4-0,6 mgjkg or suxamethonium 1 ·0 mgjkg. Its virtue (Furness 1957) has been debated, as has that of a negative phase (Brown 1959) . Controlled ventilation is frequently hyperventilation which may low~r intracranial pressure but does not reduce bram bulk (I~osomoff 1963 (I~osomoff ). l\Iillar (1972 considers that it provides optimal conditions for surgery in the sitting position.
(
2) XClIroleptanalgesia
This may be used as a supplement to general anaesthesia or as a specific technique in neuroradiology.
(a) Premedication. Intramuscular phenobarbitone 3 mgjkg two hours pre-operatively.
Intravenous atropine 0 ,1-0,3 mg, 20 minutes before the investa.gation, avoids bradycardia, hypotension in the sitting position, and nausea.
(b) Medication. This is given with the atropine 20 minutes before the radiological procedure. Intravenous droperidol 40-60 fLgjkg.
Intravenous phenoperidine 10-15 fLgjkg. Intravenous cyclizine 150-200 fLgjkg (in pneumoencephalography only) --larger doses may cause drowsiness.
Droperidol and phenoperidine are both given slowlv in dilute solution, with only half the calculated dose initially over 5-10 minutes to permit titration of dosage to the patient's needs and avoidance of respiratory depression.
.~ Ilaesthesia ami intensive Care. Vol. T. No. 6. November. 1117.3 Fractionation of the dose takes a little longer but is well worth while (Tasker and Marshall 1965) .
If further sedation is required, diazepam 30-60 [Lg/kg is given rather than higher doses of droperidol, which may cause extrapyramidal side effects.
(3) Two Local Studies (i) Ketamine (1971) . A clinical trial of ketamine for pneumoencephalography in children (for lesions not causing raised intracranial pressure) had to be abandoned after the occurrence of unacceptably high pressure in six successive children on whom it was tried.
(ii) Angiograms and Hypercarbia (1967) . In 100 consecutive patients undergoing angiography, blood withdrawn from the carotid puncture was submitted for blood gas analysis of PC0 2 • Levels over 45 mm Hg were found in 14 cases (four with heavy premedication for local analgesic techniques, eight under general anaesthesia with faulty technique, two under excessive dosage of neuroleptanalgesia). In all of these the angiogram films showed poor contrast due to vasodilation and rapid flow, which caused also poor phase separation. Normal PaC0 2 levels were associated with good films no matter what the anaesthetic or analgesic technique. In 23 patients Pa0 2 was outside normal range-in one as low as 50 mm Hg. All patients receiving neuroleptanalgesia would benefit from administration of oxygen.
(4) Maintenance of Hydration
The choice of intravenous fluids and the rate of transfusion both during and after neurosurgical operations is always controversial. The ease with which the brain may be made oedematous is demonstrated by the use of intravenous infusion of water to produce experimental cerebral oedema.
Oedema in the nervous system is an intracellular process-an increase in brain water of 2·5 per cent produces a four-fold rise in intracranial pressure. The use of solute containing fluids minimizes the risk of water retention and fluids such as 5 per cent dextrose in water should not be used.
Salt depletion is associated with inability to cope with a water load and the individual with hypo-osmolarity is relatively incapable of handling hypotonic solutions administered during and after surgery.
Saline solutions are preferred during intracranial surgery because sodium does not easily penetrate cells and along with administered water is equally distributed throughout the extracellular fluid (Michenfelder, Grovert and Rehder 1969) . Electrolyte disturbances may readily occur in neurosurgical patients and measurement of electrolyte and haemoglobin concentration and packed cell volume is appropriate to control the volume and nature of fluids administered.
Administration of intravenous fluids during pneumoencephalography avoids postural hypotension; after the procedure it permits rest without interruption when movement may precipitate nausea and headache and allows adequate hydration, especially III warmer climates.
SPECIAL PROBLEMS
(1) The Sitting Position: Air Embolism The advantages of the sitting position have been discussed; balanced against these is the risk of air embolism, which has been said to occur in from 2·5 to 15 per cent of cases. Our own incidence has been four recognized events in 600 cases, two of which were fatal.
Apart from meticulous surgical care to close open veins and avoidance of a negative phase in ventilation, precautions include (i) continual monitoring with an oesophageal stethoscope; (ii) insertion of a right atrial catheter through which air may be aspirated (Michenfelder et al. 1966 ) ; (iii) testing for open veins by positive pressure and by jugular compression (used also before the wound is closed as a safeguard against post-operative haemorrhage). Monitoring of end-expiratory PC0 2 by an infrared analyser has been advocated, but the method is cumbersome and not necessarily indicative of arterial PC0 2 . Ultrasound monitoring is very sensitive in detecting minor events. The use of a G-suit may cause such venous distension that it annuls the advantages of the sitting position.
Treatment includes (i) immediate occlusion of wound and compression of the jugular veins (Hunter 1962 ) ; (ii) positive end-expiratory pressure; (iii) aspiration of air by catheter or puncture. Despite doubt of the efficacy of external cardiac compression, some success has been reported.
(2) Protection of Eyes Precautions must be taken to protect the eyes from blood and solutions that might run into them and also to guard them against pressure, especially in the prone or in the sitting position. The lids should be closed and covered with vaseline or tulle gras and then taped with non-irritant tape.
(3) General Care
All the usual care of limbs, peripheral nerves and the application of the diathermy plate require even more vigilance when access to the patient is limited once surgery commences.
(4) Post-intubation Oedema
There is an additional risk of post-intubation oedema following surgery of the head and neck and after long procedures, especially in the one to three year age group. The children at risk should be nursed post-operatively in a high humidity atmosphere with oxygen-enriched air, and with attention to general hydration.
(5) Neuroradiology
Apart from those matters discussed, some particular matters require attention (Patrick 
1960) :
(i) Non-explosive techniques are mandatory. (ii) Appropriate lighting is needed to observe patients and flow meters even during screening procedures. (iii) Contrast media carry the risk of sensitivity: a hydrocortisone drip is required if there be a history of allergy. (iv) Care of equipment needs special provisions if the radiology department is remote from operating suites. (v) Techniques used must avoid encroachment by both the anaesthetist and his equipment on the radiologist's and radiographer's field.
